Introduction
Ten years of study of the effects of x-rays on different species of flowering plants has resulted in a grouping according to ray susceptibility which should be of value, since many investigators are engaged in studying the various ways in which radiation influences living organisms. When sufficient data concerning the morphological and physiological action of x-rays have been collected, it should be possible to give reasons for the ray resistance of some families as compared with the ray susceptibility of others. This paper deals particularly with the morphological effects produced on the above-ground parts of seventy different species distributed in thirty-five families; another paper (11) will discuss the action of the rays on underground stems or roots of twenty-two species. The susceptibility of species of Helianthus, Solanumi, Lycopersicumn, Vicia, Atriplex, Linunt, Nernophila, and Zinnia have been treated elsewhere (5, 6, 7, 8, 9, 10, 12) . Methods Seedlings were irradiated when the cotyledons were expanded and the growing tip visible. Pots or flats containing irradiated plants and controls were kept side by side on the greenhouse benches, so that all plants were exposed to the same environmental conditions except for the treatment. If the experimental plants were transplanted, the controls were also. Considerable preliminary work was carried on which is not here recorded. Some species were tested which failed to grow normally under greenhouse conditions or which gave such erratic results that the experiment seemed to be of little value. In many cases only one study was made of the species in question, but, with some in which results appeared to be contradictory, experiments were repeated many times.
Data on vegetative growth and blossoming were taken when most of the control plants had completed their growth. The facts set down for each species depended somewhat on the general form of the plant. In all cases the following were recorded: number of plants reaching maturity, age when irradiated, x-ray dose, and total height at maturity. The age in days refers to the number of days from the date of planting. The total height was recorded in all cases as the distance from the soil surface to highest point of the plant. In some cases this meant to the tip of the inflorescence, or, if the plants were still vegetative, to the tip of the highest leaf. In many cases the age in days when the first blossoms appeared is given. Blank spaces in the columns of the table, where blossoming is considered, indicate a lack of first records of blossoming rather than an absence of flowering. If the plants were branched, records were taken which best indicated how branching was influenced by the radiation, such as percentage bearing laterals, average number of branches, and average length of branches.
In recording the x-ray doses, the r-units are stated for the later ones studied, while the set-up of the machine is given for those treated before a dosimeter was available. Unfiltered rays were used in all cases.
Observations
The families with the species studied may be grouped into three divisions:
(1) species apparently unaffected by treatment; (2) species slightly affected, perhaps for only a short time after irradiation; and (3) species noticeably affected by the rays. Those in the first group so nearly resembled the controls in their growth that figures are not given except in a few cases. Species placed in the second and third groups are treated in greater detail. The controls and irradiated specimens listed showed little or no difference in average height of plants at maturity. In most cases the dates of blossoming were the same in both groups. If any of the usual leaf irregularities which accompany the application of x-rays were evident during the early stages, they disappeared long before the plants were mature.
GROUP I. SPECIES APPARENTLY UNAFFECTED BY X-
Two of the species listed above need special mention, Mesembryanthemum crystallinum, the ice plant, and Sedum coeruleum, the stonecrop. A preliminary experiment with irradiated seedlings of the ice plant indicated that irradiation caused no visible change in this species. Later 57-day-old seedlings were treated with 2500 r-units. There were thirty-three controls and twenty-one experimental seedlings which lived to maturity. Dinm orphotheca anrantiaca The effect of treatment upon the cape marigold, Dimorp7hotheca aurantiaca, of the Carduaceae is discussed to illustrate the fact that not all plant species react in exactly the same manner to radiation. This species appeared severely affected during its early stages of growth but treated plants later showed increased height over the controls. After a preliminary experiment had indicated the sensitivity of this species to x-radiation, two more groups of plants were grown in which the seedlings were given approximately 2500 r-units. The leaves showed the usual effects, for they were irregularly ligulate in shape and presented the characteristic pitted, blotched appearance. The total height of the first group was increased 30.6 per cent. but there was little difference in the number of branches or in the time of blossoming. The increase in height was such an unusual response to radiation that a larger group of plants was grown and more complete measurements were taken. Table II gives the percentage differences between the growth of control seedlings and those given 2500 r-units when twelve days old. In this group, growth of the treated seedlings was retarded for a time but at the age of five months, when the experiment was concluded, the average height of the central stalk was somewhat greater in the treated plants. The number of main lateral branches in the treated plants was decreased; in the subordilnate branches, which developed later, the number was increased 9 per cent. but their average length per plant decreased 27 per cent. The average green weight of the treated plants, however, was-5 per cent. less than that of the controls, indicating that although these plants appeared to show increased size, there really was no actual increase in amount of plant tissue produced.
Counts of the number of faded blossoms as well as of the fresh flowers and buds were made at the conclusion of the experiment. Calculations of the percentage of the total number which were living at the end of five months showed 37 per cent. decrease on the main lateral branches of irradiated plants, but 228 per cent. increase on the central stalk, and a slight increase in the number of those on the subordinate branches. The greater percentage of living flowers and buds was present on the more recent vegetative growth of the treated plants because in the controls more of the flowers were older and had faded. The retarded vegetative growth was thus accompanied by delayed flowering.
This species does not show injury due to irradiation as clearly as do many of the composites. Although growth is retarded during the earlier stages, the experimental plants attained to as great or greater height than did the controls. The average green weight of the treated plants, however, was slightly less than that of the controls. The number of branches was in general decreased. The number of flowers produced was little affected by treatment, although the irradiated plants showed a greater number of living flowers at the close of th-e experiment because of the fading of the early flowers of the control.
Linaria nmarocca na Linaria mlaroccana of the Scrophulariaceae showed a noticeable increase in the number of main branches from the base other than from the central stalk. This is a good example of a plant which from the first had difficulty in recovering from the x-ray dose. Although the leaves showed little effect, the stems were weak and decumbent, and at an early date an increase in branching was apparent. Growth habits in the treated plants were considerably altered. They had a thickened, twisted, hypocotyl region, and little distinetion between main and secondary stalks. Table II shows the reduced height and decrease in lateral branches in the rayed plants. No controls were still in the rosette stage when 208 days old. The controls were rather crowded, hence many remained in the rosette form that might otherwise have formed shoots. Table II records the lessened height and green weight of the treated plants. Figure 1 represents typical members of the control and treated groups at the close of the study. None of the experimental plants had blossomed at the conclusion of the experiment.
Salpiglossis sinuata
Salpiglossis sinuata proved to be ray susceptible as are many other members of the Solanaceae. Figure 2 represents represents typical plants 222 days after treatment, shows th-e shortened stem below the branches as well as the reduc-ed height. A mottled appearance of telae,decr,ease in average number of branches, and a reduction in number and length of roots are manifest in this species as in others.
DAY LENGTH AS INFLUENCING ACTION OF RAYS
The greater number of plants experimented upon were planted in the autumn, irradiat-ed during the short days of winter, and records concerning, total growth and branching were taken at maturity which occurred in the spring or early summer. Two species of plants, Lirnonium sinuatum and Thunbergia alata, which were irradiated during the long days of spring rather than during the short days of winter, gave unusual results which need special discussion.
Limonium sinitatitm).-To determine whether Limoniutm sinutatum, a member of the Plumbaginaceae, was affected by the rays in a different, way than are the majority of plants, it was grown three different years. Table III The development of the infloreseences in the control and its absence in the irradiated plants constituted the most striking difference between the two groups. Because of the total absence of infloreseences in the treated group, other experiments were made to determine whether irradiation always prevented blossoming of members of this genus.
Seedlings of the second group which were irradiated in November were given two doses, the first from the set-up 93 K.V. 5 ma. 30 cm. for 23 minutes. After an interval of two weeks, a second dose of slightly less intensity was given. The irradiated plants were retarded in growth, had twisted and ligulate leaves, and, when at the age of four months the controls began to send up flowering stalks, the condition. Figure 4 , taken at the age of six months, shows representative plants from both the control and irradiated groups. This experiment differs from the one previously described in that the vegetative and reproductive growth of the treated plants was greatly retarded, but flowering was not completely inhibited. Ten months after planting, the controls had all matured and were entirely dead while the green experimental plants showed stalks of the inflorescence which averaged as tall as those of the controls and they had 44 per cent. increase in the average number of flower stalks.
The following December, seedlings of another set, group III, were given one dose with the set-up 80 K.V. 5 ma. 30 cm. for 291 minutes. Many of these died during transplanting, for their vitality seemed greatly lowered by the treatment. The vegetative portion of those remaining continued to be small and deformed but when the infloreseence finally developed, as many scapes were produced by the irradiated plants as by the controls and finally the branches of the inflorescence of the treated specimens attained practically the same height as the control plants.
Limonium which was irradiated during the fall reacted in about the same manner as other ray-sensitive species. The two groups of plants which were grown during the winter and spring developed normal inflorescences although they were considerably delayed. Plants germinated and irradiated in April, on the other hand, remained vegetative and at the end of eight Thutnbergia alata.-A member of the Acanthaceae, Thunbergia alata, showed greater injury to the vegetative growth and increased retardation in flowering when irradiation was given during the period of short days rather than when it occurred later in the spring. Seeds of group I were planted during the first week of November, and blossoming began the middle of February. Seeds of group II were planted the last of January, and blossoms first appeared the middle of April. The plants of group I were thus exposed to shorter days than were those of group II.
The leaves of all the experimental plants showed marked irregularities in shape, color, and size. Studies with plants such as the cape marigold (Dimorphotheca) show the necessity of repeating experiments and waiting until maturity before drawing conclusions. This species manifested remarkable ability to recover from the effects of the rays. Although there were fewer main lateral branches produced, the subordinate branches were more numerous and of greater average length. The blossoming on the central stalk and on the subordinate branches was considerably delayed in the treated plants although it was not actually decreased.
Other plants cited, because of their response to treatment, include: Linaria, which showed notable increase in the number of main branches from the crown; Campanula, typical of those plants which when irradiated remain for a long time in the rosette stage; and Ricinus, in which the branching occurred very much nearer the base of the plant in treated specimens.
Opportunity to observe how length of day affected x-rayed plants was presented in the case of Limonium sinuatum and Thunbergia alata. Plants of the former species rayed in the spring remained vegetative and in the rosette stage for eight months, while controls blossomed as usual. Irradiation in autumn brought about delay in blossoming but not complete inhibition. Thunbergia treated in the autumn was much more severely affected than were seedlings of the same species irradiated in the spring. It is possible that all species may be more injured when their seedlings are treated during short days.
It is impossible at this time accurately to state reasons for resistance or susceptibility of certain species, but observations from the large number of species examined seem to establish the fact that members of Chenopodiaceae, Portulacaceae, and Brassicaceae are in general resistant. The following genera in widely separated families, suffered some change in growth form, but on the whole were not noticeably injured: Impatiens, Clarkica, Godetia, Gilia, Alonsa, Antirrhinum, Phacetia, and various members of the Caryophyllaceae. Members of Solanaceae, Scrophulariaceae, and Carduaceae were the most severely affected. Genera noticeably ray-susceptible are Abronia, Ricinus, Lavatera, Ipomoea, Cobaea, Linaria, Campanula, Centranthus, and Thunbergia. Summary 1. The seventy species of flowering plants distributed in thirty-five families considered in this paper were grouped as follows: fifteen species apparently unaffected by the rays; fifteen slightly affected, particularly during their early growth stages; the remaining forty species noticeably affected.
2. Members of the Chenopodiaceae, Umbelliferae, and Brassicaceae often gave indications of injury soon after treatment but by the time maturity was reached, manifested little effect.
3. Plants noticeably injured by radiation were marked by decrease in total height; increased branching as in the Caryophyllaceae and Onagraceae; frequent occurrence of dichotomous branching, particularly in the Cardua-
